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(57) A method and appaiatus for creating munjpla 
branch wals from a parent well is dtsdoaed According 
to a first embodiment o< Ihe Invention e multiple branch* 
ing sub Is pnwtded for placement at a branching node 
of a well Such sub incbdea a branching chamber (32) 
anda plurality of branching outlet members (34-38). Tlie 
outlet msmfawe* during conetniction of iha branching 
sub^ have praviously been distorted imo obtang shapes 
eo that al of the branching outlet members fit within an 
imaginary cylinder which is coaxial with and substantial- 
ly the same radius as the bnywhing chamber. According 
to one embodiment the distorted outlet members are 
characterized by an outer convex shape. In another em- 
bodimem. the distorted outlet nwnbers are character- 
ized by an outer concave shape when in a retracted 
state. Aflardeployment of the branching sub via a parent 
casing In the well, a forming tod le lowered to the interior 
of the sub. The outlet members are extended outwardly 
by the forming tool and simultaneously formed into sub- 
stanttatly round tubes. Next each outlet member is 
plugged wUh cement, after which each branch well is 
drilled through a respective outlet member. II desired, 
each branch may be lined with casing and sealed to a 
branching outlet by means o( a casing hanger. A mani- 
fold placed h the branching chamber controls the pro- 
duction of each branch well to the parent wen. According 
to a second embodimeni of the invention, a pressure 
resfstant branching sub is provided which may be in- 
stalled in series with a casing string, and the associated 
equipment used for the Installation operation and Inter- 
vention ot a well. The branching sub includes a main 
pipe and a lateral outlet. 
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DMcrlptlon 

TMs invention rotates generaOy to the field of wetis, 
particulariy to the field of estabrishing t>ranch wells from 
a parent hydrocarbon well. More panicularty the inverv 
lion relates to astabishrtg muttipie branch wells from a 
common depth poirtt. called a r>ode, deep in the well. 

BACKGRCXJND OF THE INVENTION 

Muttipie wells have been drBled from a common lo- 
cation, particubrly «^e drWing from an offshore plat- 
fomi where muaple welb must be driled to cover tha 
great expensaaof olahore drftHng. Aa iiususted in Fig- 
ures 1 A and IB. such wels ata difltad throuta^ a com- 
mon oondUctor pfM. and each waO indudas surface 
easing nhara, Naimadlafa casing and parent casing as 
is well Icnown in lha field of offshore drilKng of hydrocar- 
bon wails. U.S, Paiant 5.458.199 deecrbea apparafus 
and methods lor dMaig mtiltlpla waRs from a common 
weRbora at or near Aa scirfaoa of the earth. U.S. Patent 
4.573.541 do B Cffaoa a downhola talced asaambfy for 
a parent wall which inctudaa multipte take^ tubes 
MMch oommunicata with branched waOs from a com- 
mon pcrint. 

Branch wels am also known in tha art of well drWmg 
which branch Ifom multiple points in the parent well as 
illustrated in Figure 2. Branch wells are created from the 
parent well, bu; necessarily the parent well extends be- 
low the branchng poini of the primary well. As a result, 
the branching well is typically of a smaller diameter than 
that of the primary wbB which extends below the branch- 
ing point Funhermofa. difficult sealing problems have 
faced the art lor eoeblishing communication between 
the branch wel and the primary wal 

For example. US. Patent 5,388,648 describes 
methods relathg to woU iur>cture sealing with various 
sets of ambociments to aocompiish such eeaiing. The 
disclosure of tr^e '648 patent proposes solutions to sev- 
eral serious seating problems which are encountered 
when Qstabli&''ing branches in a well. Such sealing 
problems relaie to the requirement of ensuring the con- 
nectivity ol the branch casing liner with tf>e parent casing 
and to maintaining hydraulic isolation of the juncture un- 
der differential pressure. 

A fundamental problem exists in establishing 
branch wells ai a depfth in a primary well in that appam- 
lus for estabrahing such branch welts must be run on 
parent casing «4iicfi must fit within intermediate casing 
of the wed. Aooordingfy, any such apparatus for estat>~ 
iishing branch wefb must have an outer diameter which 
is essentiaify no groater than that of Uie parent casing. 
Furthermore, t ts dasirabis that when branch wetis are 
established, they have as large a diameter as possible. 
Still further, it is desirable that such branch welts be fined 
with casing vitfuch may be established and sealed with 
the branching equipment with conventionat casing 
hangers. 



An important object of this invention is to provide an 
apparatus and method by which multiple branches con- 
nect to a primary well at a single depth in the wel where 
the branch wells are controlled and sealed with respect 
5 totheprlnnary well with conventionalliner-t»caslngcor>- 
nections. 

Another important object of this invention is to pro- 
vide a multiple outlet branching sub having an outer di- 
ameter such that It may be run in a well to a deployment 
location via primary casing. 

AnoOier object of this invantlon is to piovide a mul- 
tipla outlet branching sub In which muttiplB outtada are 
fabricated ha ratractad state and are eayando d white 
doMnhola at a branching daploymant bcalian to pro- 
duoa maximum branch wall dtamstars toirM to pro- 
vida oonventional irwr-to<a6ing eonnactJm 

/Mhar obfeet of this Invention is to pnvida appa- 
rate for downhola expansion of falfactadoudat mam- 
beia m order to direct each outlet into an arcuatta path 
outwardly from the axis of the primary wal and to ex- 
pand tha oudata Ino an aaaantiafly round ahapo auch 
that after a branch walls drilled through an outlat. corv 
vantionaJ liner-to^easing connections can be made to 
such outlet members. 

SUMMARY OF THE INVENTION 

These objects and other advantages and faalures 
are provided In a nrwthod and ^paralus for establishing 
multiple brartch wells from a parent w»L A mutt^ 
branching sub is provided for deployment n a borehole 
by means of a parent casing through a paiant wall The 
branchino sub includes a branching chamber wMch has 
an open first end of cylindrical shspe. The branching 
chamber has a second end to which branching outlet 
members are connected. The first end is oonnacted to 
the parent well casing In a conventional manner, such 
as by threading, lor deptoyment to a branching iocaUon 
in the parent weH. 

Muttipie branching outlet members, each of which 
is integrally connected to the second end the branch- 
ing chamber, provide fluid oommunicatfin with the 
branching chamber. Each erf the outlet members is pre- 
fabricated such that such membere are in a retiactad 
position for insertion of the sub into and down through 
tha parent well to a deployment location deep in tie wel. 
Each of the multipte outlets is substantially totaly within 
an imaginary cylinder which is coaxial witi and of sub- 
stantiaify the same radius as the first end of the branch- 
ing chamber. The prefabrication of the oudet members 
causes each outlet member to be transfomied in crose- 
sectionai shape from a round or circular shape to an ol>- 
long or other suitable shape such that la outer pioRle 
fits within the inuiginary cylinder. The outer profite of 
each outlet member cooperates with the outer profilas 
or other outlet members to substantially fl tha area of 
a cross-section of the imaginary cylinder. As a result, a 
substantially greater cross-sectional area of the multiple 
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outlet members is achieved within a croes-eection of the 
tmaginaiy cylinder as compared with a oorresporMHng 
number of tubular multiple outlet members oT cticular 
cioBs^saction. 

The multiple outlet members are constructed of a < 
material which may be plastically deformed by cold 
forming. A forming tool Is used, after the multiple branch- 
ing sub is daptoyad in the parent well, to expand at feast 
one of the mutti^e bfanching outlet members outwardly 
from the connection to the branching chamber. Prefer* to 
ably an of the outlet members are expanded eimuRane- 
ouely. Simultanaously wlh the outward expansion, the 
muWpIs outlets are expanded into a substantially circu^ 
lar ladial eroes-sectional shape along their axial extent. 

After the multiple outlet membeiB e^ich branch 
f ram the branching chamber are expanded, each of the 
muifpta branching outfata are plugged. Next, a borehole 
to drilled through a selected one of the multiple branch* 
mg outlets. A substantially round liner is prcMded 
through the selected branching outlet and into the ^ 
branch weN. The iner of ciroutar cross-section ia sealed 
to the selected branching outlet circular cross-eection 
bf moan» of a eonvontiena^ casing hanger. A borehole 
and liner is estabnshed for a plurality of the multiple 
tnanching outlets. A downhola manifold is Inetallod in ^ 
the branching chamber. Next multiple branch \¥eils are 
completed. The production of each branch well to the 
parent well is controlled with the manifold. 

the apparatus for expandir>g an outlet of the multi- 
ple branching sub includes an uphde power and control 30 
unit and a downhole operational unit An electrical wire* 
lirM oonnecta the uphole power ar)d control unit and the 
downhole operational unit. The wirefine provides a 
physical connection lor lowering the downhole opera- 
tional unit to the branching tub and provides an eisctri- 3S 
eel path for transmiseion of power and t)idirectional oorv 
Irof end status signals. 

The downhole operational unit includes a forming 
mechanism arranged and designed for insertion in at 
least one retracted branching outlet rDsmber of the sub 40 
iOfvS preferabfy into alt of the outlet members at the 
same time) and for expanding the outlet member out- 
wardly from its imaginary cylirtder at deployment. Pref- 
erably each outlet member is expanded outwardly and 
expanded to a circular radial cross-section simultane- *s 
ovsfy. The downhofe operaftonaf unit includes latchmg 
and orientation mechanisms which cooperate with cor- 
responding mechanisms of the eub. Such cooperating 
mechanisms allow the forming mechanism to be radially 
oriented within the multiple branching sub so that it is so 
aligned with a selected outlet of the sub and preferably 
with all of the outlets of the sub. The downhole opera- 
tional unit includes a hydmulic pump and a head tiaving 
hydraulic fluid lines connected to the hydraul'c pump. 
The forming mechanism includes a hydraulicaity pow- ss 
ered forming pad. A telescopic M between each form- 
ing pad and head provides pressurized hydraulic fluid 
to the forming pads as they move downwardly while ex- 



panding the outlet membeis. 

According to a secorKl alternative embodiment of 
the invention . a branching sub is provided which aHowe 
multiple branches from a parent casing without the need 
for sealing joints and which allowa the use of conven* 
tional well controlled liner packers and casing Joints. The 
geometry of the housing of the branching sub allows the 
housing to achieve maximtfn pressure rating oonsktor* 
ing the size of the branch outlet with regard to the size 
of the parent casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The cbjecte, advantages and features of the inven- 
tion will become more apparani by refererice to the 
drawtigs which era a ppeislsd hereto and wherein an 
WualffBtltfe embodiment of the inventlan is shewn, of 



Figures lAar^ 1B llustrala a prior art triple liner 
padced in a conductor casing tennination in which 
the outlet membsrs are round during installation 
and are packed to frl wihin the conductor cashg; 
Figure 2 illustratas a prior art parent or vertical well 
and lateral branch wels which extend therefrom; 
Figures 3A, 38. and ac flustrate a three outlet 
branching sub accordng to a first embodiment of 
the invention where Figure 3A is a radial cross*eec- 
tion through the branching outlets of the sub, with 
one outlet con^letely in a retracted poeition, with 
another outlet in a posiion tMtween its retracted po* 
sition and its fully expanded position, and the third 
outlet being in a fully eBp a rxtod poeition, and where 
Figure 3B is a radial ctoea-sectlon through ttie 
branching outlets of the sub with each of the outlets 
fully expanded after dsployment In a parent welt, 
and Figure 3C is an eodal cross-seetion of the 
branching sub showing two of the branching outlets 
luiy expanded to a routd shape in which casing has 
beennin intoabranch well and sealed with respect 
to the branching outlets by moans of conventional 
liner hanging padcere. 

Figure 4 is a perspective view of a three symmetri- 
cal outlet branching sue of a first embodiment of the 
Invention with the outlet braiKhes expanded. 
figures 5A. SB, 50, and 5D iBuatfate configurations 
of the first embodiment of the Invention with asym- 
metrical brarKhing oudets with at least one outlet 
having larger internal dimertsions than the other 
two« with Figure SA being a radal cross-section 
through the branching outlets along line SASA In a 
retracted poeition, with Figure 5B being an axial 
cross-section through the ines 5B-5B of Figure 5A. 
with Figure 5C being a radial cross-eection along 
lines 5C-5C of Figure 5D wth the branching outlets 
in an expanded position, and with Figure 50 being 
an axial cross-section along tines 5D-5D of Figure 
5C With the branching outlets in an expanded post- 
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Ffguro$ 6A-6E lluMfats radial cross-aectkms of 
several examples of blanching outlet cortf igurations 
ol the branching sub according to the first embodi- 
ment or the invention, with aN outlet branches fully s 
expanded from their retracted etate during deploy- 
ment in a parent well, with Figure 6A illustrating two 
equal diameter outlet bvanches. Figure 6B lllustrat- 
tng three equal diameter outlet branches. Figure 
6C, like Figure SC. ilustrating three outlet branches lo 
with one branch characterized by a larger diameter 
than the other two. with Figure 6D illustrating four 
equal diameter outlet blanches, and nflllh Figure 6E 
ilustrating live outlet bianchee with the center 
branch being of smaller diameter than the other 
tour; 

Rguras 7A-7E Mustiata stages d esqpanding 4w 
outlet members d an expandabia blanching sub ac- 
cording to the swenlion, wlh Figure 7A Wustrattng 
.an axial cross-section of the sub showing muRiple to 
branching outleis wHh one such outlet h a retracted 
position and the other such outlet being expanded 
starting with its connection to the branching head 
and continuing expansion dOMnwardly toward the 
lower opening of the branching outlets, with Figure 
7B illustrating a radeJ cross-section at axial position 
B of Figure 7A and assuming that each of three 
symmetrical branching outlets are being expanded 
simultaneously, and with Figures 7C through 7E 
showing various stages of expansion as a function 30 
of axial distance along the branching outlets; 
Figures 8A and 68 illustrate respectively in axial 
cross-section and a radial cross-section along lines 
SB^. iAtcNng orientation profiles of a branch- 
ing chamber of the branching sub. and Figure 8A ^ 
further ilustratee an extertsion leg and supporting 
shoe for deployment in a parent well and fbr provid- 
ing stability to the branching sub while expanding 
the branching outlets from their retracted position; 
Figure 9 schematically iilustmtes uphole and down- 4e 
hole apparatus lor expanding the brartching outlets 
ol the branching sub; 

Figure 1 0 iltustiates steps of the process of exparxl- 
(ng and fomiing Ihe branching outlets wllh a pres- 
sure forming pad of the apparatus of Rgura 9; 4S 
Figures 11A>11H llustrate stops of an installation 
sequence for a nodal branching sub and for creathg 
branch wells from a parent well; 
Figure 12 illustrates a branching sub deployed in a 
parent well and further illustrates branch well liners ^ 
hung from branching outlets and stiti further iltus- 
trates production apparatus deployed in the branch- 
ing sub tor controBing production from branch wells 
into the parent welt 

Figures 1 3A and 1 3B geometrically illustrate the in- ss 
crease in branch well size achievable for this inven- 
tion as compared with prior art conventional axial 
branch weils from liners packed at the end of parent 



casing; 

Figures 14A-140 are illustratjve sketches of nodal 
branching according to the invention where Figure 
14A illustrates establishing a node in a parertt welt 
and eatabfishlng branch wells at a common depth 
poM in the parent weK. all of which communicate 
with a parent wel at the node ol the parent wet with 
Figure 148 illustrating an expanded branching sub 
which has had Ite branching outlets expanded be- 
yond the d'emeter of the parent casing and formed 
to be substarAially round; with Figure UC Hhistrat- 
ing using a primary node and secondaiy nodes to 
produce hydracaibons froma singlaatrata; and with 
Rgura 14D Slustraling usiig an expanded branch- 
ing sub from a primary node to reach mult^sub- 
lonarwan targete,' 

Figura ISA Mustralee a two oullel versksn of a 
bfanching eub aoooiding to the first embodiment of 
the kiventlon. with Figures 158. 158*. ISC. ttid 150 
iluslfaiing croee-eedlona) profiles of such two out- 
let version of a branching aub with an attemalive 
post-forming tool at various depth locations ii the 
outlet members; 

Figuro 16 Hluelrates a two arm alternative version 
of a poet-forming tool; 

Figures 17A-17D illustrate the operation of such al- 
temative post-forming tool; 
Figures 18A • 1 BE illustrate a branching sub accord^ 
ing to the first embodiment of the inventkxi with con- 
cave deformation of ttie branching outlets; 
Figuree 1 gA - 1 9C illustrate an alternative actuating 
apparatua according to the invention. 
Tigures 20A and 20B Khistrate a second embodi- 
meni of the invention wfuire Figure ^A is an exte- 
rior view of a branching sub with a mam pipe and a 
tateial branching outlet and Rgure 208 is an axial 
section view of such biBnching sub; 
Figures 21 A and 21 B are axial and radial section 
views ol the branching sub of Figures 20A and 208 
but in a retracted state, and Figures 21C and 210 
are axial and radial sectky) views o^ the branching 
sub of Figures 20Aand 208 in an expended state; 
Figure 22 is a graph whk:h shcwvs that tha ylekl 
strength of the housing material of the branching 
sUb increases with the rate of deformation durhg 
expanskxi; 

R^ire 23 is a schematic Ktustration of the branching 
sub according to a secorxj embodimsnt of the in- 
vention wt>ere lateral or branch holes are created 
from the main body ol tha sub or subs to reach dis- 
tinct formations from one main borehole; 
Rgure 24 illustratas the use ol a deflecting tool 
wtwch may be inserted withki the main pipe of the 
branching sub whereby a driirng tool which enters 
from Ihe lop of the aub may be directed Into the lat- 
eral outlet; 

Figure 25 illustrates two branching subs connected 
in tandem with the tandem connection placed in a 



4 



7 



EP0623534A1 



a 



seridB of casing links of a casing string; and 
Figures 2BA and 26B ifluatrata a cap which may ba 
wolded across the branching outlet In order lo close 
H off for certain wett operaticnB. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As described above. Figures 1A and f B iUustrale 
the problems with prior ait apparatus and methods for 
establishing branch wels from a parent weR. Figures 1 A 
and 1 B ehow radial and axial cioss-sectfons of multiple 
outlet liners 12 hung and sealed from a large diameter 
conductor pipe 1 0« The outlels are round in order to fa- 
ciRtata use ol oonverrtional inir>g hanger packers Uto 
seal the outlet Rnevs 12 lor oofivnunieation with the con- 
ductor pipe 10. The arwngeme n t of Figures 1 A and 1 B 
requires that multiple round outlels of diameter Do fit 
wUih the diameter Dsl of thacorvAJdor ppe 10. in many 
cases, espedaUy where the conductor pipe must be d»* 
played ait a depth in the weH, rather than at the surf ace 
of the well, tt is nolf easlble to provide a borehole of suf- 
ficient outer diameter to a/low branch well outlets of suf • 
flcient diameter to be installed. 

The technique of providing branch vrelb according 
to the prior art arrangement depicted in Figure 2 creates 
branch wells 22. 24 from a pnmary well 20. Special seal- 
ing arrangementfi 26, unlike conventional casing hang* 
ers, must be provided to seal a lined branch weH 22. 24 
to <he primafy wd(( 20. 

Descflption of Branching Sub According to a First 
Embodiment cf the Irwention 

Figures SA. 38. and 3C Ulustrale a branching sub 
do according to the Inverrtioa The branching sub in- 
cludes a branching chamber 32, (which may be con- 
nected to and carried by parent well casing (See parent 
casing 604 of Figure 12)), and multiple outlet members, 
for exanr^pte three outlet members 34. 36. 38 ifluatrated 
In Figures dA. 38, and X. Figure 3A is a radial cross* 
section view through the brarx^hing chamber 32 which 
IRustrates one outlet member 34 in a retracted state, a 
second outlet member 36 in the state of being expanded 
outwardly, and a third outlet member 38 wtiich has been 
fully expanded outwardly. (Figure 3A ts presented for it- 
lustrat^e purposes, because according to the tivenlion 
it is preferred to expand and circularize each of the out- 
lets simultaneously.) In the retracted state, each outlet 
is deformed as thcMm particularly for outlet member 34. 
A round tube fs deformed such that fts cross-sectionaf 
interior area remains essentially the same as that of a 
circular or round tut>e, but its exterior shape is such that 
it fits cooperatively with the deformed shape of the other 
outlet members, all within an imaginary cylinder having 
a diameter essentially the same as that of the branching 
chamber 32. In that way the t)ranching chamber 32 and 
its retracted outlet members have an effective outer di- 



ameter which slows ft to be run tn a parent weH to a 
deployment loc^ion wtftlle attached lo a parent cashg. 
Outlet member 34 'n its retracted state is illustrated in 
an oblong ehape. but other retracted shapes may also 
s prove to have aMnlageous characteristfcs. For exam- 
ple, a concave central area of deformation in the outer 
side of a retracted outlet member may be adi^tageous 
to provide a stCer outlet member. Such deformation Is 
progressively grsatar and deeper starting from the top 
fo to the bottom dl the outlet member 

Figure SAihows outlet member S8 In a state otbe- 
fir>g expanded h en aicuate path outwardly from the 
branching chsmber 32 whBe simultaneously being 
founded by a downfiole forming-expancfing tool that is 
IS described baioKTHa arrows labeled F represent forces 
being applied ton fie Interior of the oulfei member 36 
h Older to expand Sim oultat (nafnber both outwardly in 
an arcuate pall away from branching chamber 32 and 
focirculBrtza Itan Be retracted stale (as is the oond^ 
lion of outlel member 34) to its expanded or fully de- 
ployed state lise outlet member 38. 

Figure 3B is a radial o^-section as viewed by 
Knes 3B'3B of Figure 3C through the branching sub 30 
at the level of outlet numbers 36. 38. Figure 3C illus- 
trates conventional casing liners 42, 44 which have 
been installed ffirough branching chamber 32 and into 
respective outiet members 36. 38. Conventional liner 
hanging packer 46. 46 seal casing liners 42. 44 to outlet 
members 36, 3B. As illustrated in Figures 36 and 3C. if 
the diameter Ds2 of the branching chamber 32 is 9ie 
same as the disneter Del of the conductor pipe of prior 
art Figure 1 B. twn ttte outlet diameter Oq of Figure 3C 
is 1 . 35 times as great as the outer diameter Do of Figure 
1 B. The finer crass-sactional area of the sub of Figure 
3C is 1.B2 times as great as the liner cross-sectional 
area Soof Figm 1 A. When fully expanded, the effeellve 
diameter of the expanded outlet members 34. 36. 38 mc- 
ceeds that of the brarKhtng chamber 32. 

Experrnerts have been conducted to prove the fea- 
sibility of man;,facturing branching sub 30 with outlets 
in a retracted state, and later operationally expanding 
outwardly and -ounding the outlets. 

Experiment Phase 1 

Two casing sizes were selected a first one. one me- 
ter long was 7 inch diameter casing with a wad thickness 
of 4.5 nrn the second waa one meter long and was 7 
inch diameter casing with a wall thicluiess of B mm, A 
hydrauRc jacli was designed for placement 'n a casing 
for expanding if. Each casing was successfully pre- 
fonned into an ell^cal shape, e.g.. to simulate the 
shape of outlet member 34 in Figure 3A and reformed 
into circular sfiape while using a circularizing forming 
head with the ^ck. Circularity like that of outlet member 
38 of Figure 3A \Mas achieved with plus or minus diller- 
ence from perlect ctrcutartty of 2 mm. 
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Experimeni Phase 2 

Two, one meter long. 7 inch diameter. 23 pound 
caftjngs were mechined ax'ally at an angle of 2.5 de> 
greee. The two casings were jofnedtogether at their ma- s 
chined surfaces by electron beam (EB) welding. The 
joined casings were deformed to fit inside an 11 inch 
diameter. The welding at the junction o( the two casings 
and the casings themselves had no visible cracks. The 
maximum diameter was 10.7 inches; the minimum di- 
ameter wee 10.5 inches. 

a) Machinery 

Before mlling each cashg at an angle of 2.5 de- 
grees, a spacer was tempoiariiy wekM at to end to 
avoid poseble defomulion during machining Next 
each easing was machined roughly and then finished 10 
assure that each machined surface was coplanar with 
the other. The epacer welded at the end of the casing 
was machined at the some time. 

b) WeUing 

The two machined casings were assembled togeth- 
er with a pg, pressed together and carefully positioned 
to maintain alignment of the machined surfaces. The as- 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds and the jig was renKved. In an EB 
welding chamber, the two machined casings were spot 
welded alternately on both sides to avoid possible de- 
formation which could open a gap between ihe two 
surfacea. Next, about SCO nrvn were EB welded on one 
side; the combination was turned over and EB welded 
on the other side. Finally the bottom of the combination 
was EB welded and tumed over again to oomplete the 
welding. The result was satisfactory; the weld fillet was 
continuous without any loss of material. As a result, the 
two machined suilacas of the casings were joined with 
no gap. 

c) Deformation 

Oeformation was done with a speciaf jig of two por- 
tions of halt cylinders pushed against each other by a 
jack with a force of 30 metric tons (66.000 pounds). The 
half cylinders had an inside diameter which was slightly 
smaller than 11 inches, /xcordlngly, the Hnal diameter 
ol the deformed assembly was less than 1 1 inches when 
the junction was deformed. Pliers were placed inside the 
junction to aid defomnation of the outlet where ft is crith 
cal: at the end of the tube where the deformation is max- 
imal. 

A large wedge with a 5 degree angle was installed 
between the two outlets to facJlltate flattening them 
when deforming. The deformation started at the outlets. 
Force was applied on the pliers and simultaneously on 
the jack. A force of at)out one ton was continuously ap- 



plied to the pliers; the outside pg was mored ftom in 
steps of 125 mm; at each step a force of 13 maMe tons 
(33.000 pounds) was applied. Ths operaion was re- 
peated with a force of 20 metric tons (44.Q0O pounds), 
and the end of the outlets started to flatten cn the wedge. 
The process was completed at a force ot 30 metric tons 
(66,000 pounds). The resulting deformec Sfoduel was 
satisfactory. 

It is preferred to modify the shape or the pliers in 
such a way that the pliers deform the auUel with a 
snfwoth angle and to weld the wedge after defonnation. 
rather than tiafore, and to weld It by using two large 
wedges on each skle of it to avoid a InesaiM* defor- 
mation of this area. 

Experiment Phase 2 was conducted aseoond time, 
but witha steal sheet metal stHfener weiM along the 
EBwekbof both sides of the Junction of thetWDCttslngs. 
The function was defomied as in Experinani Phase 2 
to fit within an 11 inehdtemetar. Alackwthalbroeot 
90 matrle tons (66,000 pounds) was used. Ptas, as for 
the first jundiom were not used. A large wedge was 
used for the first junction with a 5 degree ang^ cut m 
two and insfiafled on each side of the weldKl wedge be- 
tween the two outlets tofaeilitateflattsningaf the outlets 
%vhen deformino. The deformation staitedat tlia ouUels 
and continued toward the junctnn. This operaiion was 
npeaiBtS with a force of 30 metric tons. Tie and of the 
outlets started to flatten on the wedge. Th£ oortion most 
difficult to deform was around the junction sf the casings 
where the outlets are oomplete inside but weldsd to* 
gether. wtvere the welded surlace is behraen the top of 
the inskle ellipse and the top of the outside e^pse. As 
a result of this eiveriment. a hlc^er capaaty jack of 50 
metric tons force was provided. 

Experiment Phase 3 

A fuH length prototype wKh two 7 inch casings con- 
nected to a 9 5^ inch casing was man^actured and 
pressure tested. Testing stopped at 27 ba- because de- 
formatkx) was occurring without pressure variation. 

a) Machhing 

Machining was performed in the sarre wsry as for 
the two previous junctkms except that the (an^ of the 
casings was 1.25 meters instead of 1 imetei; and a 
groove was machined around the elliptica pioMe to en- 
hance the EB welding process. AddittonalyL a bind hole 
was machined on the plana of the cut o4 «ch casing to 
install a pin between the two casings to ^rtwide better 
positioning. The upper adapter was madrinecl out of a 
solid bar of steel on a numerically controlted mMing ma- 
chine to provide a continuous profile between tte 7 inch 
casings, with a 2. 5 degree ar)gle. and the ? S8 inch cas* 
mg. The adapter was machined to accost a plug. The 
inner diametsr ol the k>wer end of the 7 inch casings 
was machined to accept the expanding pugs. 
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b) Welding 

Tha two machrod casings wem assembled togeth- 
er with a jig and pressed together. The assemMy was 
then fixed together by several spcft TIG welds and the 
jig was removed. In an EB chamber, the two parts were 
EB spot welded atiemately on both sides to avoid pos- 
sible deformation. Then the two clings were EB Mold- 
ed cn one side; the assembly was turned ever and EB 
welded on the other side. The assembled casings were 
joined satisfactorily. An adapter was then TIG welded 
on the assembled cashgs as well as a wedge fn be- 
tween the 7 inch casings. 

c) Pressure Testing 

DeiSonnation dtaringpressure testing was measured 
using two linear pdentkmters placed on the EB weld. 
The pressure vms increased by steps o( 5 bar. and the 
value of the potentiometer was recofded at atmospheric 
pressure, at the given pressure, and when retumed to 
atmospheric pressure. A$ a result d such pressure test- 
ing, ft was determined that the tola) plastic deformation 
of the casings neai their junction was 4.7 mm and out- 
wardly of their junction was 3.7 mm. 

Experiment Pttase 3 showed that the deformation 
at 27 bar was too ttigh. Nevertheless, the deformation 
was locatized in a small area The upper adapter and 
the large casing welding act as stitraners. It was deter* 
mined to add a stilener in the plana of welding which 
can be 'anchored* h the area of low defoimation. 

Experiment Phase 4 

K fuR length precoiypo with two 7 inch casings (9 
mm thickness) corrected to a 9 5/B inch casing was de- 
formedtofitinsideal0.6inchcylinddr. This deformation 
was pert onrned using ih^ same jig used tor Experiment 
Phase 3. but with a jack with 50 ntetric tons capacity 
instead of 30 metric tons. 

a) Oalonnation Jig 

The deformation jig was modified to accept a higher 
doforming force and the bar wtiich supports the fixed 
half ahetl was reiniorcedL The 'fig was bo/iod on a fmme 
and a crane was induded in the frame to lift the junctton 
and displace it durvig the deformation process. 

b) Deforming Process 

The change d dimension of the joined casing dur- 
ing deformation was measured using a sliding gauge. 
Such change of dimenswn was measured before apply- 
ing the pressure, under pressure and after releasing the 
pressure. Defomnation started at the middle of the Junc- 
tion where it is stillest and continued toward the ends of 
the outlets because the deformation must be larger at 



the outlets. The deformation on the bottom ol the junc- 
tion was too high on the first run and reached nearly 10 
inches. At the middd tha Junction, the deformation 
was about 10.6 inches. Except for the bottom end which 

s was deformed too much with negative cun^ture around 
the wedge, the remaindar of the Junction stayed around 
10.6 inches. The maximum pressure applied was 670 
bar which required a force ol 46 metric tons. For joining 
and defomiing casings of thicker tubes, the Jig must be 

f 0 rebuilt to accept large deforming forces. 

c) Conclusion 

Tha deformation of the prototype of Experiment 
IS Phase 4 was conducted easily with the new Jig. The cas- 
ings were reopened to the odginat shape. 

Pfgure 4 is a perspective view of the branchlig sub 
30 of Figures 3A. 3B. 3C where the branching sub is 
shown after exparwn. Threads 31 are provided at the 
top end of branching channber 32. Threads 31 enable 
branching sub 30 to be connected to a parent casing for 
deployment at a sutterranean kx^ation. Outlet membere 
34. 36. 38 are sfxM^ expanded as they wouhl look 
downhole at the end of a parent well. 

Figures 5A-5D illustrate an alternative three outlet 
branching sub 301 according to the inventkjn. Figures 
5A and 58 illustrais h radial and axial c/oss-section 
views the sub 301 its retracted position. Outlet mem- 
bers 341 , 361 and 331 arQ illustrated with outlet member 
361 being about equal to the combined radial cross-sec- 
tk)nai area of outis members 341 and 331 combined. 
Each or the outlet members are deformed inwardly from 
a round tubular shape to the shapes as illustrated k\ Fig- 
ure 5A whereby the combined defonned areas of outlet 
members 341 . 361 ar^l 381 substantialy fill the circular 
area of branching chamber 321. Other deformatbn 
shapes may be advantageous as mentioned at>ove. 
Each detormed shspe of outlet members 341 , 361 and 
381 ot Figure 5A is d^araderized by (tor example, of the 
outlet member 34r a ci ovular outer section 342 and one 
or more connectir;. oon-clrcular sections 343, 345. 
Such non-circular sections 343, 345 are cooperatively 
shaped with section 362 of outlet member 361 and 382 
of outlet member 3o1 so as to maximize the internal ra- 
dial cross-sectional areas of outlet members 341. 361 
and 381. 

Figures 5C and 5D Oustrate the branching sub 301 
ot Figures 5A and SB after its outlet members have been 
fully expanded after deployment in a parent well. Outlet 
members 361 and 381 are illustrated as having been 
simultaneously expanded in a gently curving path out- 
wardly from the axis ol branching chamber 321 and ex- 
panded radially to farm circular tubular shapes from the 
deformed retracted stale of Figures SA and sa 

Figures 6A-6E show in echsfnatic form size of 
expanded outlet members as compared to that of the 
branching chamber Figiure 6A shows two outlet mem- 
t>ers 241, 242 whi:n have been expanded from a de- 
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formed retracted stale. The diameters of outlet mem- 
bers 241 ar>d 242 aie eubetantially greater in an ei^and- 
ed slate as compared to their circutai dIameterB it they 
oould rwl be expanded. Figure 6B repeats the case of 
Figure SB. f\gure 6C repeats the imeven trjple outlet 
configuration a6 shown in Figures 5A-50. Figure 6D il- 
lustrates four ei^pandable outlet members from a 
branching chamber 422. Each of the outlet members 
441 , 442, 443. 445 are of the same diameter. Figure 6E 
illustrates f)ve outlet members, where outlet member 
545 is smafler than the cather four outlet members 541 . 
542. 543. 544. Oudet member 545 may or mfly not be 
defoimed inthe reiraaed state of the branching sub. 

Oescripfior) of Metallor Expandfaig a Defoimod 
Retracted Outtet Merrber 

Figures 7A-7E Iknirate downhole fomiing heads 
122, 124, 126operathgal vartous depths in outlet mem- 
bers 38. 34. 36. As shown on the rl0N hand side of Fig- 
ure 7A, a geneiaJized forming head 122 is shown as il 
er^ters a defomied retracted outlet member, for example 
outlet member 36, at location Bi Each of the forming 
heads 1 22. 1 24, 1 26 has not yet reached an outlet mem- 
ber, but the heads have already begun to expand the 
outlet wall of branching chamber 32 outwardly as illus- 
trated in Figure 7B. The fonning heads 122. 124. 126 
continue to expand the outlet memt>ers outwardly as 
shown at location C. Figure 7C shows tf>e forming heads 

122. 124. 126 expendmg the outlet members outwardly 
while simultarMOusly circularizing them. Forming pads 

123. 125. 127 are forced outwardly by a piston in each 
of the formrig haatto 122. 124, 126. The forming heads 
simultaneously bear against central wall region 150 
which acts as a reaction body so as to simultaneously 
expand and fonn the outiec membefs 38. 34. 36 whHe 
balancing reactive forces while expanding. Figures 7D 
and 7E ilustrate the forming step at locations D and E 
of Figure 7A. 

Figures dA end 68 Sfustrate an axiatty extending 
slot 160 In the branchng chamber 32 of branching sub 
30. Such slot 160 cooperates with an orienting and 
latching sub of a downmfe fomiing tod for radial posi- 
tioning of such orienting and latching sub for forming and 
expanding the mutipia outlet members downhole. A 
notch 162 in branching charNber 32 le used to latch the 
downhole forming tool aefapredetermined axial position. 

An extension leg 170 projeete downwardly from the 
central waH region 150 ol braiwhing sub 30. A foot 172 
is carried at the end ol extension leg 170. In operation, 
foot 172 is lowered to the bonom of the borehole at the 
deployment location. R provides support to branching 
sub 30 during forming tool expanding and other opera- 
tions. 



Oescr^plion of Forming Tbol 

a) Oescoption of Embodiment of Figures 9, 10 

5 Figures 9 and 10 illustrate the forming tool used to 
exparxl multiple outlet members, for exampla ootleC 
membefs 34. 36, 38 of Figures 3A, 38. and 3C and Fig- 
ures 761 7C. 70 and 7E. The forming tool includes up- 
hok apparatus 1 00 and downhole apparatus 200. The 

10 up1x3le apparatus 1 00 indudee a conventional computer 
102 progranvmed to control telenrwtry and power sq^ply 
un& 104 and to receive commands from and display in- 
fonnatian to a human operator. An uphole winch unttT06 
h» an olecthcal wireline 110 spooled thereon for ibw- 

fs ering downhole apparatus 200 through a paienl mM 
caang and into tie branching chamber 32 or a brand)- 
ingiub 30 which la corviodadtoandcenlediilttwandi 
of Ite parent casing. 

The downhole apparslue 200 includes a ooraer^- 

20 tionalcrtile head 202 which provides a strsngti/Mectn- 
cad connection to wireline 110. A telemetry, power ajp- 
plies and controls module 204 includes conventional te- 
lervetry. power supply and contraf circuits which f undion 
to communicate wUh uphole computer 102 via vriniine 
lit and to provide power artd control signals to doerv 
hol3 modules. Hydraulic power unit 206 includee a son- 
ventionel electrically powered hydraulic pump lor yro- 
dudng downhole pressurized hydraulic fluid. An orent* 
ing arxf iaiching sub 206 Includes a latching device210 

30 (sdnemrtically Illustrated) for mttig within nolch IfiZ of 
branching chamber 32 of Figure 8A and an orientinBde- 
vioe 212 (schematlcaUy illustrated) for cooperatirtgwHh 
sloe 160 ol brviching chamber 32. When thedowrftole 
apparsJMs 200 Is lowered into branching sub 30. onar«- 

» vigdevice212enteretheslol160andlhedomholeap- 
pooiua 200 ie further lowered until the latching degiice 
210 emars and latches within notch 16^ 

Fnad traveling head 213 provides hydraulic iluid 
commLnication between hydraulic power unit 206 and 

40 the traveling forming heads 122. 124. 126. fa exarole. 
T&escooic links 180 provide pressurized hydraulic 1uid 
to Taveing forming heads 122. 124. 126astheh»ds 
122, 124, 126nwvedownwardfywtthhthemulttpteaut- 
let mentmrs. for eKampte outlet merhbers 34. 36. 36 of 

45 Foiias7B-7E.Monitoringheads1B2,1B4.ia6arBpfO- 
vidlsd iDdelermlne the radial distance moved m^lls ra- 
dially taening an outlet member. 

Figure 10 illustratee traveling forming heads 126„ 
12i. l22indirrerentstagesolformlngwouileimaft»r 

so olibramhing sub 30. Forming head 126 is shown inaul- 
lei menlMir 36, which to IHuetrated by a heavy line bribra 
radal forming in the retracted outlet member 36. The 
otUetmBiTiber is shown in llgN lines 36*. 36', wheiethe 
otM member la depicted as 36* in an intsimediaie 
stage ollorming and as 36' m Its final formed stags. 

Thefomning head 124 is shown as it is radially tym- 
ing retracted outtet member 34 (in tight line) to an nter- 
mediate stage 34*. A final stage is illustrated as circular- 



6 



15 



EP0e23 534A1 



16 



tzed outlet member 34*. The (ornihg head 124. like the 
other two forni'mg heads 1 26. 1 22. includes a pteton 1 51 
on which tomrtlng pad 12S is mounted. Piston 151 is 
forced outwafdiy by hydraulic fluid applied to opening 
hydraulic Rne 152 and is forced inwardly by hydrauNc 
fluid applied to closing hydraulie ine 1 54. A caliper sen* 
sor 1B4 b provided to determine the amount of radial 
Imel d piston 151 and forming pad 125, for exanple. 
Suitable seals are provided between the piston 151 and 
the forming head 124. 

The forming head 122 and forming pad 123 are H- 
fustmted in Figure 10 to indicate that under certain ctr- 
cumstanoea the stape of the outlet member 38 may be 
*Qvef expanded* tocreale a sli^tly oblong shaped out- 
let such Ihst when radtel forming force from fonrvng pad 
123 and forming fMad 122 is removed. Ifie outtot wil 
spring back Irrto a cinitar shape due 10 residual elBstle- 
hy of the steel outtei member. 

At the level of tie biarwhing chamber 32. fomiing 
heads 122. 124. 126. bcOwice each other against the 
reaction loccee whis foidng the walls of the chamber 
outwardly. Aocordins^ ihe forming heads 1 22. 1 24. 1 26 
are operated eimulaneously, for example at level B of 
Figure 7A. v4)lle lofcing the lower end of the wall of the 
brarKhing chwnber32 outwardly. When a tormiig head 
122 enters an outlet member 38 for example, the pad 
reactkm forces are evenly supported by the central wail 
regton 1 50 of the branching chamber 32. The telescopic 
links 180 may be rotated a small amount so that the 
forming pads 127. 1 25. 123 can apply pressure to the 
right or left from (he normat axis and ther^ anproye 
the roundness or dreularity of the outlet members. After 
a fomiing sequence is pedormed, for exanripleat loca- 
tion 0 in Figure 7A tie pressurs Is released from piston 
151. and the tebeoopic links 160 lower the forming 
heads 122. for exampla. down by one step. Then the 
pressure is raised again for forming tfia outlet members 
and so forth. 

The composition of the materials of which the 
t>ranchlng sub 90 is constnjcted is preferably of an ailoy 
steel with auslerric structure, such as manganese 
steal, or ntckei alk^^-s such as *Monel* and Incor^el' se* 
ries. Such materials prcvide substantial plastic deforma- 
t\on with cokj forming theretyy provkJing strengthening. 

b) Oescr^nn of Alemabve Embodiment of Figures 
1SA-15D. 16andl7A-17D 

An alternative post-lorming tool Is illustrated in Fig- 
ures 15A, 15B, iser. 15C, tSD, 16, and 17A-170. The 
post-forming tool ISOO is supported by common down- 
hole components ctf Figure 8 including a cable head 202. 
telemetry, power supplies and controls module 204. hy- 
draulic power unit 206 ar^d an orienting and (etching sub 
208. Figure 16 illustrates that poet-fonning tool 1 500 in* 
dudes a travel actuator 1510. A piston 1512 of tmvdl 
actuator 1510 moves from an upper retracted position 
as shown in Figure 1 7 A to a bwer extended position as 



shown in Figures 17C and 170. Figure 17B shows the 
piston 1512 in an intennediate position. Piston 1512 
moves to intermediate posttnrvs depending on the de- 
sired travel positkirw of forming heads in the outlet mem- 
5 bers. 

Figures 16 and 1 70 Ikjstrate a two fonning head 
embodiment of the post-tomning tool 1500 where two 
outlet members (e.g.. see outlet members 1560 and 
1 562 of Figures 1 5A-1 50) are illustrated. Three or more 

10 outlet members may be piovk5ed with a corresponding 
number of forming heads and actuators provided. Links 
1514 connect the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylmders 1516 are forced 
downwardly into outlet members 1560. 1562 as piston 

r5 1512 moves downwardly. 

Actuator cylinders 1516 each indude a hydrmriicaf* 
iy driven piston 1516 wNch receives preesurlzed hy- 
draulc flukf from hydraulic power unit 206 (Figure 9) via 
travel actuator 1510 and inks 1514. The piston 1516 is 

so in an upper position as austrated In Figures 17A and 
1 7C and in a kswer position as illustrated In Figures 17B 
and 170. 

The actuator cylinders 1 51 5 are pivotally linked via 
links 1524 to fomiing pads 1520. The pistons 1518 are 

25 KnkBd via rods 1526 to expanding rolters 1522. As 
shown in Figures 1 7A and 1 58*. the forming pads 1 520 
enter an opening of two retracted outlet members as il- 
lustrated m Figure 15B The expanding rollers 1522 and 
forming pads 1 520 are in a retracted position wlthh re- 

30 traded outlet members 1 560. 1 562. 

The pision 1512 is stroked downwardly a small 
amount to move actuator cylhders 1516 downwardly a 
small amount Next, pislons 1518 are stroked down- 
wardly causing expanding rollers 1522 to move along 

S5 the inclined tntehor face of forming pads 1520 caustig 
the pads to push outwardy against the htedor walls of 
retracted outlet members 1560, 1562 until the outlet 
members achieve a circular shape at that level. Simul* 
taneously. the outlet members are forced outwardly 

^ from the axis of the multble outlet sub 1550. Next, the 
pistons 1516 are stroked upv^-ardly, thereby reluming 
the exparKirtg rollers 1 522 to the positkxis as showAi in 
Figure 15C. The piston 1512 is stroked another small 
distaix^o downwardly thereby movirig the forming pads 

^ 1 520 further down into the outlet members 1560, 1 562. 
Again, the pistons 1518 are stroked downwardly to fur- 
ther expand the outlet memt»er$ 1560. 1562 outwardly 
and to circularize the outlets. The process is continued 
until the posftkxis of Figures 1 5D and 170 are reached 

60 which illustrate the positbn of the fonning pads 1520 
and actuator cylinders 1 516 at the distal stkI of the mul- 
tipie outlet members 1560, 1562. 

Oescrlptkvi of Method lot Pivsnding Branch Wath 

as 

Figures 11A-11H and Figure 12 describe the proc- 
ess for establishing branch wells from a branching sub 
30 in a well. The branching sub 30 is illustrated as having 
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thrae outlet memlwrs 34, 36, 38 (pertie example of Fig- 
ures 3A, 38. 3C and Figures 7A-7E) but any number of 
outletft may also be used as ilustiated in Figures 6A* 
6E. Only the outlets 38. 36 are Mustiated from the axial 
crees-sedional views presented, but of course a third 
outlet 34 exbts for a three outlet example, but it is not 
visble m the views ol Figures ilA-ilH or Figure 12. 

Rgure 11 A shows that the branching sub 30 fs first 
connected to the lower end of a parent casing 604 which 
ie conveyed through intermadiale casing 602 (if 
present). Intennediate casing GQZ linas the wellbcre and 
istypicaRy run through surface casing 600. Surface cas- 
ing 600 and intenmediate casing 608 are typiealy pio- 
vidad to line the welbore. The parent casing 604 may 
be hung from inlemiediate casing G02 or from the well- 
head « the surface of the earft or on a production plat- 
form. 

The outlet men^bere 36, 38 (34 not shown) are in 
the retracted poeition. Slot 160 arvt notch 162 are pro- 
vided In brandling chamber 32«l branching sub 30 (see 
Figure 12) to cooperate wUh orienting device 212 and 
latching devtee 210 of orienting md latching sUb 208 of 
dowrtfioto apparatus^ (See Rgura 9). ^Nhen^par' 
ent casing 604 is set downhoiBr the branching sub 30 
may be oriented by naiating the parent casing 604 or by 
rotating crtly the branching sub 30 where a swivel iolnt 
is installed (not Illustrated) at the connection of the 
branching sub 30 with the parsnt well casing 604. The 
orienting process may be moneored ar>d controlled by 
gyroscopic or inctirMmeter survey methods. 

Description ol Alternative Embodiment of Figures 18A- 
ieFand19A-19C 

Figures IBA-IBF ilustrate concave deformation of 
outlet members in a retracted state of a branching sub 
according to an altematrve embodiment of the invention. 
The outlets are shaped simjiar to that of a ruled sutlac^ 
shell Concave deformation retracted outlet mem- 
bers, under certain circumstances, provides ac^antag- 
es for particular outlet arrangements, especialV for 
three or more outlet nodal iunoions. 

Figure ISA itKJstmtes. in a radial cross section 
through lines ISA of the branchng chamber 1621 , of the 
branching sub 1850 of Figure IBB, that the outlets have 
a concave shape. Stiffening ctnjcttire 1600 is pro^/ided 
at the Juncture of each outlet mentor 1831 . 1 842. 1861 
with its neighbor. As a result the area that is capable of 
plastic deformation is reduced as the number of outlets 
increases. Providing the retracted shape of the outlet 
members, as in Figures ISA and 166, allows minimiza- 
tion of the area to be deformect ar«j simultaneously re- 
spects the principle of deformation of a ruled surface 
shell that allows expansion by post-f omning wttti a min- 
imum of energy required. Figure 18A ittustrales an en- 
velope 1 81 0 of the overall diameter of the branching sub 
1850 when the outlet members 1881, 1642. 1861 are 
retracted. The arrow 1806 porits to a circled area of 



structural reinforcement Arrow 1804 points to an area 
of ooneave defomiatian of the outtste in branching 
chamber 1821. 

Figure IBC iilustratee the brmhing sub 1850 at a 

5 bngKudinaf position at the junction of the outlet mem- 
bers with a radial cross section through lines 1 dC of Fig- 
ure 18B. Arrow 1810 points to the outer envelope of the 
branching sub in its retracted stale. flgurB 180 iltus- 
trates the branching sub 1850 near the end of the outlets 

10 white in a retracted state. Arrow 1 81 0 points to the outer 
envelope ol branch^ sub 1850 in the retracted state, 
v^lie anows 1681', 1842* and ie61'poht todashed line 
ouiUnee of the oullel mmnbm 1881, 1842 and 1861. 
respectively, after expansion, 

IS Figures 18E and 1BF llustrale the branching eub 
1850 m an expanded etalB where FigufB IBE la a radial 
eroes eeelloA of throush the outlet membem at ttia end 
of the outlet Arrow 1810 points to the outer envelope of 
the blanching eub 1850 whenin a retracted state; arrow 

» idlO^polnts to the outer enveicpentftenlheoutlet mem- 
bers l881M84r and lear have been expanded. 

A preferred way of placing the outlet menAMie 
fSSf, 1842. 1861 ffHeiheretraeiadefiBiaorF^ureeiSA- 
IBD is to oonstnict the sub with the gaometiy of Figure 

^ leE and apply concave pfiere along the vertical plan of 
axis symmetry of the junction. The deformation is pro- 
gressively greater and deeper starting from the top of 
the outlet members (Figure 18A) to the bottom of the 
outlet members. The entire junction of outlet memt>ers 
1681, 1642. 1861 to branching chanber 1821 prefem- 
biy includes welding of super plastic materials such as 
niclcel-based alloys (Monel or Inconet. for example) in 
the deformed areas and nrtatertals of higher yield 
strength in the norvdeformed part of the branching sub. 

9S Electron beam weldt>g is a preferred method of welding 
the composite shel of the txanching sub. because elec- 
tron beam welding minimizes welding induced stresses 
and allows joining of sections of dHf srent compositions 
and thick walls with minimum loss of strength. 

40 Figures 19A. 1 9B and 1 9C illustrate a poet-forming 
tool 1 926 similar to the post-forming tool of Figures 1 56"- 
15D and 16 described above. An actuator sonde (not 
shown) supports the poet-lom>ing tool 1926 irtctuding 
actuator 1910. push rod 1927, and forming roUsrs 1 929. 

45 Figure 19A shows an axial section schematic of the 
post-forming tooi 1926 operating in one outlet member 
1861 of brar>ching sub 1850 when it begins to expand 
such outlet member. Figure 1 9B Iilustratee a similar axial 
section where actuator 1 910 has been stroked outward- 

50 ly to force push rod 1927 and traveling forming head 
1926 downward, with fonning roHeni 1929 expanding 
outlet member 1881 outwardly while simultaneously 
rounding it Rgure 19C shows a vertical cross section 
through the branching sub 1850 with a travefing forming 

55 head 1926 in each of the three outlet members 1881 , 
1842. 1 861 . Fonning rollers 1 929forcethe concave por- 
tion of outlet members 1881, 1642 and 1B61 outwardly 
white support rollers 1 931 are supported against stiffen- 
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ing structure 1000. Push beams 1933 provide a frame 
for rolatianaify supporting forming roibrs 1 929 cup- 
port roHers 1931. Springs and Nnkages (not HMistRatod) 
are provided among push beams 1933. forming rolare 
1 929. and support roliers 1 931 to insure that all moving 
parts retract to a top positicn so that the overall tod d>- 
ameter collapses to the diameter of the branching charrv 
bar (Fi^^ 188) of the branehhg sUb 1BS0. 

tn operation, the traveling forming head 1 928 ol Fig- 
ures 1 9A-19C follows a sequence of steps similar toM 
described above with respect to Figures 17A*17D. 1he 
pQst-fbrming toof 1 926 is conveyed bf means of a wve- 
(ha and its associated sonde with cable head, teierTMby 
power supplies and controls sub. hydraulic power %gH, 
and orient^ and latchhrtg sub, aivi is set so that tie 
actuator 1910 seats above the top Of the junction of sit' 
sning stmcture f 600. The Cmvelng forming head 1928. 
comprisjng push beams 1933 carrying forming rolsrs 
1929 and support rolers 1931. Is pushed downwanty 
by powering actuatorl9l0so thai me expansion of each 
oulot member (e.g.. 1881. 1842. 1661) begins at its top 
end where il exits from the branching chamber 1 621 and 
continues to the iower end of each outlet member. This 
sequence is repeated until the proper circular shape is 
achieved. 

Figure 11 B illustratss the forming step deserted 
above with forming heads ^22,126 shown forming out- 
let nnembers 38. 36 with hydraulic fluid being provided 
by telescopic links 180 from hydraulic power unit 206 
and Fixed traveling head 213. The outlet members 36. 
38 are rounded to maxvnize the diameter of the br^ich 
wfeRs and to cooperate by fitting with liner hangefs or 
paclwrs in the steps descrtbed below. The forming step 
of Figure 11B elso strengthens the outlet members 36. 
SB by their being cold formed. As descrtoed abcve, tie 
praferrsd material of the outlet members 36. 38 of tie 
branching sub Is alloyed steel with an austenitic stuc- 
ture, such as manganese steel, which provides sutMtev 
tial plastic deformation combir^ high strengti^en- 
ing. Coid forming (plastic deformation) of a nici^el afloy 
s'eet. such as 'tnconel*. thus increases the )'e)d 
svength of the base material at the bottom end ol uie 
t)fBnching chamber 32 end In the outlet members 36. 
3B. The outlet members are formed into a final subsBarv- 
tiatty circutar radial cross-section by plastic def orma&an. 

Aa described above, it is pralerrad under rMteon- 
dtions to convey and control tie downhole forming afK 
paratus 200 by means of wiraltne 1 1 0. but under certain 
conditions, e.g., under-balanced walibore oondlttvis. 
(or in a highly deviated or horizontal weH) a coiled tubing 
equipped wHh a wireline may replace the wireline atone. 
As illustrated in Figure 11 B and described above, tie 
dbwnhole forming apparatus 200 is oriented, sen and 
locked into the bFaf)ching sub 30. IdBtching device 210 
snaps into ndch 162 as shown in Figure tIB (see aieo 
Figure 12). Hydraulic presswe generated by hydraulic 
power unit 206 is applied to pistons in forming heads 
122. 126 that are supported by telescopic links 180 AT* 



ter a forming sequence has been pertoniei l tie pres- 
sure is released from the pistons, and tie lafescqpic 
links 180 lower tie forming pads doiw by one step. 
Then the pressure is raised again and w on until the 

s fonning step is completed witi the outia mombers cir- 
cularized After the outlet merrbers are npanded. tie 
downhoie forming apparatus 200 is reraaved ffom tie 
parent casing 604. 

Figures 11C and 110 illustrate tie tan an ia i y steps 

10 lor connecting the parent casing 604 and tie branching 
sub 30 Into tie well. Phjgs or packers BOO are installed 
into tie outlet members 36. 38. The prefsred svay to set 
the packers 800 Is wKh a multiple head singar B02 con- 
veyed eitier by cementing string 804 ora ooM tubing 
(not IIKjstnited). A muk^ head stinger 'vKludes mufti- 
pie heads each equijpped with a cemertmg flow shoe. 
The stinger 602 la latchedandorlenledshtwbranehlng 
chamber 32 of blanching sub 30 in a nramer similar to 
tiat described above wKh respect to FQira flB. As M- 

20 kjstrated in Figure 11D. cement 900 is iiviectod via tie 
cementing string 604 into tie pacfcerB 800. and after in- 
flating the packers 800 flows ttvougi^ ooiwenlional 
check valves (not shown) into the annuUs ouBside par* 
ent casing 604. including tie bottom braichiing section 

25 1 000. Next, tie cementing string 804 is^ulledout of tie 
hole after disconnecting and leaving packen 600 in 
place as shown in Figure 11E. 

As shown in Figure 11F. individual trandh wells (e. 
g. 801) are selectively drilled using any iuitaft)le drilling 

M technique. After a branch well has been drWed. a liner 
805 is instafled. connected, and seaiad in the outlet 
member. 36 for example, with a oorwitianal casing 
hanger 806 at tie outlet of the branching sdb 30 (See 
Figures 11G and 11H).The iinermay bececnanted (as 

Xi liiustraied In Figure 11Q) or rt may be reirimrable de- 
pending on tie productton or kijectkm pararaalers, and 
a second branch well 606 me^ be drilad as ikjstratad 
in Rgure 11 H. 

Figure 12 itlustrates completion branch wells 

^ from a branching sub at a node of a pa-snt well having 
parent casing 604 njn through intemnedate casing 602 
and surface casing 600 from wsllhea: 310.. As men- 
tioned above, parent casing 604 may b» hung from in- 
termediate casing 602 ratfier than from eeitwod 610 as 

^ ttkistrated. The preferred method of 4xi r tpM in y the well 
is to connect tie branch wails 801, eOB to actownhole 
manifokl 61 2 set in the brmhing chamtaar asabove tie 
junctkxi of tie branch wells 801. BOB. Tba downhole 
manifoti 612 b oriented and latched in farancNng cham- 

^ berSSinamarmersimtlartotiatofthedownltoleform* 
Ing tool as IBuatraled in Figures BA. BB and 11B. The 
downhole manifold 6 1 2 allows for oorM of tie produo- 
tkxi ol each respective branch weH arxliprawidas for se- 
lective re-entry of tie branch welts 601 . 338 «ih testing 

^ Of maintenance equipment which mag b& conveyed 
tirough production tubing B20 from tie surface. 

In case of remedial work in the parant casing 604, 
me downhole manifold 612 can isolate tie parent well 
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from the dranch weiis 801 , 606 by fugging the outfet of 
the downhola manifold 612. This is done by cx)nveying 
a packer through production tubing 820. and setting it 
in the outlet of downhcle manifold 612 before discon- 
necting and removing the production tubing 820. Valves 
controllable from the surtaco and testing equipment can 
also be placed in the downhole equipment. The down- 
hote manffoid 612 can also be connected to muKipfe 
completion tubing such that each branch well 601, 608 
can be independently connected to the surface well- 
head. 

The tfse of a brar)ching sub for branch wefl forma- 
tion, as described above, for a trf>te brarKh well config- 
uration, albwa the use of dramaticaHy entailer parent 
casing as compared to that required n the prior art ar- 
rangement of Figures 1 A and 1 B. The fielatioD8h«>s be- 
tween the branching sub dtameier Os. the maximum ex- 
panded outlet diameter Do, and the maximum diameter 
of a conventional axial branch lor a two outlet case 
ts shown in Figure 13A. and for a three outlet case in 
Rgure 136. The same kind of analysts applies for other 
multiple outlet arrangements. In comparison to an 
equivalent axial branching that ooukJ be made of Hners 
packed at the end of the parent casing, the branching 
wen methods and apparatus of the present bventton al- 
low a gah in branch crosS'Sectionaf area ranging from 
20 to 60 percent 

Figures 14A-1 40 Illustrate varioua uses of two twdo 
branch well configuratkins according to the inventkxv 
Figures 14A and 1 4B iHustrate a branchlngsub at a node 
according to the inventkxi. Figure 14C illustrates how 
branch wells may be used to drain a sngle strata or res- 
ervoir 1 100. while Figure 1 40 iltustiatee the use of a s^rf- 
gle node by v^lch multiple branch wels are directed to 
different target zonee 1120, 1140, 1160. Any brarKh well 
may be treated as a single wel tor any Intervention* 
pKiggirtg^ or abandonment, separata from the other 
wells. 

Description of Aiterrtative Embodiment of a Branching 
Sub According to the Inventkxi 

a) Deaertption of Alternative Branching Sub 

Figures 20A and 20B show an aHamativa enribodi- 
ment 3000 of the invention of a blanching sub. Figure 
20A shows an exterior view of the branching cub 3000 
Indudkig a housing 3002 having threaded ends 3004, 
3006. The branching sub 3000 d Figures 20A, 20B is 
Mustraied In an expanded or post-formed state. The 
branching sub 3000 includes a main pipe 3010 v^k:h 
defines a feed through channel 3011 (see Figure 20B) 
and at least one lateral branching outlet 301 2 which de- 
fines a lateraf channel 30l3(see Figure 208). A brwich- 
ing chamber 3006 is defined between the top channel 
3007 and the feed through channel XII and lateral 
channel 3013. A bottom hole assembly (BH A) deflecting 
area 3015 separates main pipe 3010 from lateral 



branching outlet 3012 

In a retracted state, the branching sub 3000 may be 
placed in series wHh sednns of well casing and posi- 
tkxied in a borehole wit) the runnirig of the casing string 
s into the borehole. After placement in the borehole, the 
housing of the branchvig sub 3000 is post-formed so 
that both the feed through channel 3011 and the lateral 
channel 301 3 (or multiple branching outlets) are shaped 
to a final geometry which increases resistance to pres- 
sure and whch maximizes the drift diameter of the lat- 
eral channel 301 3 and the feed through channel 301 1 . 
Ijongitudinal ribs 3018 pnovlde strength to the housing 
3002 of the branching sub 3000. Longitucfinal fh 3018 
extends the entire axial leng^i of the branching sub 3000 
and Is integral wfth the BHA deflecting area 3015 for a 
distance from the bottom threaded end 3006 of the 
branching sub 3000 tothe blanching cftamber 3006. 

Figures 21A-210 schematKaUy illustrate the 
branching sub 3000 In Its ratracted state (see Figures 
21 A 21 B) and in its expanded state (see Figures 21C. 
21 D). In the retracted slate shown in Figures 21 A 21 B. 
the main pipe 3010 and the branching outlet 301 2 have 
been prefabricated so that the maximum outer diameter 
D of the branching sub 3000 is not greater than the top 
threaded end 3004 orbottom threaded end 3006. Figure 
21B. taken along sectian ine 21B of Figure 21 A iffus- 
trates the obtong shape of the feed through channel 
301 1 of mam pipe 3010 and of the lateral channel 301 3 
of lateral branching outlet 3012. In the retracted state, 
branching sub 3000 can be placed between sections of 
borehole casing and rui into an open borehole to aee- 
lected depth. 

Figures 21C and 210 achematically illustrate the 
branching sub 3000 sAer I has had Its feed through 
channel 3011 expanded and its lateral channel 301 3 ex- 
panded. The maximum dbmeter In the expanded state, 
performed downhole, at section line 210 is D* as com- 
pared to the diameter 0 of the top ar>d bottom threaded 
ends 3004. 3006 of the branch ing sub 3000. Figure 2 1 0 
(IhistrateB that the rmin pipe XI 0 and the lateral 
branching outlet 301 2 rot only have been expanded out- 
wardly from their retracted state of Figuree 21 A 21 B. 
but that they have been subetantiaify circularized. Thus, 
in Figure 210, feed through channel 3011 and lateral 
channel 301 3 are characterized by substantially circular 
Intsmal diameters. 

The downhole post-fonming method and apparatus 
illustrated and deserted above by reference to Figures 
7A-7E, SA SB. 9 and 10 are used to expand the feed 
through channel 3011 and the lateral channef 3013. 

The construction of branching sub 3000 is based on 
the combinatkxi of meflerial and geometrical properties 
of the BHA deflectng area 301 5. The material te spacif- 
jcallyselectedandtraatedtoafkMra targe rerte of defor- 
mation without crackSL Tha geomatiy of the wal is such 
that both tts combined thidcness and shape ensure a 
continuous and progressive rate of defbrmallon during 
the expansion. The plasbc deformatkm Increases the 
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yield strength by cold work effect and horwe givee the 
joint an accepCabte etrongth lhat ie required to eupport 
the pmswe and liner hanging forces. Figure 22 ehom 
that the yield strength after expansion incroaaes with the 
rate of defoiinatior> of the outlets. A preferred material 
for use in the poet-forming areas is a fine grain normai- 
ized cart»on steei or an austenitic manganese alloyed 
steel that reacts favorably to cold worl<ing. A preferred 
constnjction method is to manufacture different specific 
components in order to optimize the materia) and form- 
ing process of each particular part In a final stage, the 
components are ivekled together eo that the housing 
3002 heeomes one single continuous structural shell 

b) Description ol Use of Alternative BrancMig Sub 

Figure 23 schematiealiy llustrates the use of the af- 
temalive brarwhing sub 3000 as descri)ed above. A 
pretenad use of the branching sub 3000 is for providng 
multiple branches In a parent weiL Such multiple 
branches may Improve the drainage of asubierranean 
formation. 

Before the invention of the branching sub 3000 of 
Figures 20A» 20B and 21 A-21 D. connection of a lateral 
branch to a parent ¥fell has generally mads use of an 
arrangement of severaf parts with seating ct the branch 
well to the parent well with rubber, resin or cement. Such 
Joints require a complex method of installation and 
present a rtsl( of hydraulic isolation failure after several 
pressure cycles in the welt. 

the branching sub 3000 aooording to the iivention 
albvve for providing multiple branches from a pa/am 
casing wilh no sealing Joint, txit with conventional Iner 
hanghg peckers ar>d easing joints. The geometiy of ttw 
hous«ig3002of the branching sub 3000 aflQws the pres- 
sure tatng of the sub and the size of the branch to be 
maximized with regard to the parent casing size. Figure 
23 shews an example of the use of a branching sub 3000 
where, after exparision dovmhoie. branch wells 301 4 
are provided to separate parts of the earth's crust by 
means of lateral channels 3013. The branch walls X' 4 
can be used for extraction, storage or tnjection ol various 
fluids such as mono or polyishaaic fluids of hydrocarbon 
products, steam or water. 

c) Descrptlon of Deflection Apparatus and Procedures 

Tigure 24 illustrates how a drilling tool 3030 can be 
guided or deflected from main pipe 3010 into lateral 
branching outlet 301 2 after the branching sub 3000 has 
been expended downhole. A deflecting tool 3036 is set 
in main pipe 3010 by means of elements «4iich coopsf- 
ate wtti the positioning groove 3040 and orienting cam 
and slot 3042 illustrated schematicaffy 

Severaf latemi branching subs can be stacked h 
tandem at a kscation h the well or at several places 
along the casing string in order to provide optimal com- 
munication with various formations from the parent well. 



Figure 25 illustrates two branching subs 3000 aooording 
to theaftsmativa embodiment of the invention which are 
connected in tandem in a casing string 3300. Where two 
or more branching subs 3000 are connected In a casing 

f string 3300. each sub can be oriented with re same or 
a different face angle for the lateral branches. Asa con- 
sequence, different angular orientations fron the parent 
well may be provkled to reach a large volume ol subter- 
ranean formations with different lateral branches. The 

ro casing string 3300 may be oriented verlicallr or horizon- 
tally, or ft may be tilted; but the lateral brandies may in 
any case extend laterally from the parert casvtg. A^- 
Ihou^ departing at a narrow angle from the casing 
string 3300. lateral boreholes from the latest oiMs of 

IS branching subs 3000 can be directionally diMtoa ver- 
tical, deviated or horizontal orientatksa 

FIgtjree 26A Md 26B llustrate a drilaMt cap 3400 
wekled about tt>e opening of lateral tirandirig outlet 
3012 in its retracted arvj expanded oonditicns, leepoc- 

» tively. When conveying the casing string Ub ttie bore- 
hoie. the cap 3400 isolates the lateral channel 3013 from 
the borehole and maintains a dlfferentiBl pressure 
across the casing wall which may be requiiad tooontrol 
the boretxsle pressure when casing is cortMyed down- 

25 hole. When the lateral branch is to be drilled, a drilling 
tool bores through cap 3400 and into a form^ioiilo form 
a lateral branch. 

d) Description of Advantages and Features of 
30 Altematfve Branching Sub 

As mentioned above, a single branchiig sub 3000 
can be provided with more than one lateral oiMlel Such 
multiple outlets can be coplanar with each olher or non- 

3ff oopianar. A single branching sub 3000 can be oorv>ecf- 
ed in tandem wflh one or more other brarchng subs 
3000 either at its top end or Its bottom erxl A branching 
sub 3000 can be provided with a foot at fts ibwar end in 
a sinnilar manner to foot 172 of Figure 8A. 

^ A lateraf branching outlet 301 2 of Figu-e 20B may 
support a liner hanging packer which hokas a lir»er con- 
nected to the iKJUSing 3002 in order tc isoiate the 
branching chamber 3006 from the borehole. Appropri- 
ate grooves at the top of the lateral branching outlet 

45 3012 ntay be provkted to secure the Iher hanger artd 
prevent the liner from accklentally moving outoftw out- 
let during the liner setting operation or later. Atemattve- 
ly, the interior wall of th^ lateral branching ouOei 3012 
can be provkled without grooves. 

so The lateral branching outlet 3012ean betenninated 
with a fEvnp that gukles the drilling bit when starting the 
drilling of the lateral borehole. Such ramp can prevent 
the drilling bit from accidentally drilling ban toward the 
main pipe 3010. 

ss other structures may be provided insato the 
branching chamber 3006 such as a guklarwe ramp, sec- 
ondary positioning groove, or the like to valkiate con- 
veying equipment through the teed throjgh channel 
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3011 or toward a specific lateral channel 3013. The 
branching channbor 3008, or the lateral branching outlet 
301 2, or the main pipe 3010, can be provided with tem- 
porary or permanent flow control devices such as 
valves, chokes, or temporary or pemfianent recording 
equipment with temperature, pressure or seismic sen- 
sors, tor example. The branching chamber 3006 can al- 
so be provided wHh a produclion lubing interface with a 
flow connector, or a flow diverter, or an isolating packer. 
Afateral branching outlet 3012can alsobeprovkM with 
an artificial llting device such as a pump, gas influx in- 
jectors, and the Ike. 

As en alternative to the apparatus and lechnk^ues 
or Figures 7-10 for expanding the main pipe 3010 and 
the talemi brmhing outlet 3012. an inflatable packer 
may be placed on the inskle waK of the main pipe X10 
or the lateral branching outlet X12 whereby the expan- 
sion force of the packer is used to expand the pipes by 
plastic defbrmatfon. 

Various modineatk)ns and aherattons in the de- 
sert>ed methods and apparadus win be apparent to 
those skilled in the art or the foregoing descriptkm which 
do not depart from the spirit of the lnvenlk)n. For this 
reascn. such changes are desired to be included within 
the scope of the appended claims which inckide the only 
limHatkins to the present inventkxi. The descriptive 
manner which is emptoyed for setting forth the embod- 
iments shouU be Interpreted as ilustrative but not limi- 
tative. 



Clalme 

1. A multiple brarvhing sub designed and arranged for 
depkiymenft In a liorelMla comprising: 

a branching chamber having an open first end 
ol cylindrical shape and a second end. said 
branching chamber designed and arranged for 
sealed eonnectksn at said first end to casing in 
a borehole; and 

multiple branching outlet membdrs. each of 
which Is integrally connected to said second 
erK) of sad branching chamber, each of said 
mult'ple brarx:hing outlet members being in flu- 
k) corrvnunicatkjn with said branching cham- 
ber, said sub characterized by: 
a retracted position for inserlton inlo a borehole 
in which each of said multiple outlet members 
ie substantially totally within an imagiiary cyl- 
ir>der which is coaxial with and of sutjstantially 
the same radius as said first endof $akf branch- 
ing chamber, and 

an expanded posftksn in which at (east one of 
said multiple outlet members extends from said 
branching chamber in a path outwardly of said 
imaginary cylinder; and 
wherein said branching outlet members, when 



in said retracted position, are characterized by 
an outer eunred shape when a radial cross-sec- 
tnn of said brancNng outlet members Is viewed 
from outside saki imaginafy cylinder. 

5 

2. The sub of claim 1 wherein said branching outlet 
members, wtten in saki retracted position, are char- 
acterized by an outer convex or concave shape 
when a radial cross-section ol said branching outlet 

10 members is viewed from outside said imaginary cyl- 
inder. 

3. The sub d davn 1 wherein saki outlet nnembers ere 
designed and arranged such ttet SI said expandsd 

IS positloa each of saki multiple outlet merhbsfs ex- 
tends ki an arcuate path from said branchtngcham- 
ber oulwardfy of saU knagbtaiy cyMec 

4. The sub of claim 1 wherein saU mukiple outlet 
20 members ki saU expanded posftion are eharaetsr- 

Ized by a substantially circular radial cross^sectlon- 
al shape. 

6. The sub of claim 1 wherein eaid multiple branching 
^ outlet members are f o/med of a material which may 

be plastically deformed by cold forming. 

& The sub of claim 5 i^rein said material is an al- 
kiyed steel with austenltto stnjcture. 

30 

7. The sub or claim 6 wherein said material is a nckel 
alby. 

a. The sub of clakn 1 wherein each of saki multiple 
95 branchiig outlet members is of eubstantiafiy the 
same radial cross-sectional area 

9. The sub of claim 1 wherein at least one of said mul- 
tiple branching outlet members is characterized by 

40 a radial croes-sectional area which is greater than 
at least one other of said muttble branching outlet 
members. 

10. The sub of claim 1 further comprising a leg member 
^ carried substantially axiaily downwardly from said 

second end of saki branching dtamber, and a loot 
disposed at a distal end of said leg. 

11. The sub of claim 1 wherein a central support regkxi 
so is defined at said second end of saki branching 

chamber between kitegrat conrtectkyis of said mul- 
tiple branching outlet members to saki second end. 
and further oomprisktg: 

S5 an exten8k)n leg carried from saki central sup- 

port regkxi which extends axiaily beyond sad 
multiple branching outlet members; and 
a foot disposed at a distal end of saki leg. 
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12. A branching sub designed and arranged (or deploy* 
man! m a borshoto compHshg: 

an integral housing having a top and and a bot- 
tom end and «vh jch defines a branching cham- 
ber, a main pipe* and a branching outlet, with 
said main pipe and said branching outlet each 
being longitudinally below eaid branching 
€t\6mbBr and each being in fluid communica- 
tion wHh said branching chamber, 
said top end o( eaid housing being above said 
branching chamber and being adapted for con- 
rMKtion to borehole casing* and wherein said 
lop end is characterized by a connection diam- 
oter. 

said branching sub characterized by a retracted 
state tor insertion Into a borehole in v^tich the 
largest diameter o( said housing at any position 
along Its longitudinai length is no greater than 
said connection diameter and 
an expanded state in which said branching out- 
lea extends outwardly Irom said branching 
chamber with a diameter of said housing in said 
eaqpanded state being greater than said con- 
nection diameter. 

19. The branching sub of claim 12 wherein said main 
3(pe has an end which defines said bottom end of 
said housing and which extends longitudinally bo- 
ow an and of said branching outlet. 

14. The branching sub of claim 12 wherein said main 
pipe has threads provided at said bottom end for 
oonnttction to borehole casing below. 

15. The branching sub of claim 14 where in the retract- 
ed stale said main pipe is characterized by a circular 
nslde radial section shape at said bottom end and 
3y a non-circular inside radial section shape at a 
ongitudinai position t>elow said branching chamber 
2nd above said bottom end, and said branching out- 
et is characterized by a non-circular inside radial 
section shape at a lorigltudinal position below said 
aranching chamber. 

16. The branching sub of claim 1 5 where In the expand- 
ed state said bmnchtng chamber and said main 
pipe are characterized by a substantiatly constant 
first dameter of a circular inside radial shape from 
said lop end to said bottom end. and said branching 
outlet is characterized by a substantially oor»stant 
second diameter of a circular inside radial shape 
from said branching outlet end to said branching 
chamber. 

17. The branching sub of claim 1 3 further comprising a 
first longitudinal rib which is integral wfth said hous- 
ng ar)d which extends from said bottom end to said 



top end in a path along the exterior of said housing. 

1 B. The branching sub of claim 17 further oompiislng a 
second longitudinal rib. spaced peripherally from 
5 said first longitudinal rib which extends from said 
bottom end to said top end in a path along the ex- 
terior of said housing. 

19. The branching sub tit claim IB IvtVior comprising a 
10 deflecting structure which separates eaid main pipe 

from said branching outlet from said branching 
chamber longitudinally downward to said end of 
said branching outlet. 

20. The branching sub of daim 1 3 further oompdsng a 
drillable cap secured to said end of said branching 
outlet 
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